Pig (Sus scrofa domesticus) slurry (PS) is commonly applied as fertilizer to agricultural fields. Knowledge of PS nitrogen content is essential for good management, but PS nitrogen content is highly variable, not only between farms but also within a farm. Laboratory analysis of animal slurries is often expensive and impractical for routine farmer use. Therefore, when slurry is spread on land, its fertilizer value is generally unknown, resulting in the risk of pollution. In this work, two rapid and suitable for field use methods for determining PS ammonium N (NH ). The conductimetry method allows the use of alternative waters with EC <1.9 dS m −1 for dilution. This method is being introduced to farmers in northeast Spain to improve PS management and has been well received due to its low cost and ease of use.
Introduction
Spain is the second country in Europe in pig production, with an annual average (years 2005-2010) of 26 million head (FAOSTAT, 2011) . The 85 million tons of nitrogen (N) per year contained in the pig slurry (PS) produced is mainly recycled by spreading it on agricultural fields. The basis for rational management of PS as fertilizer should be agronomic optimum rather than maximum, thereby boosting mineral fertilizer savings and avoiding environmental damage as well as reducing the risk of nitrate leaching and nutrient runoff associated with high application rates (Piccinini and Bortone, 1991; Higgings et al. 2004 ).
Nutrient concentrations of PS present large variability, mainly depending on the type of farm; animal breed, age, diet, and management; and slurry storage method (Levasseur, 1998; Chantigny et al., 2004; Moral et al., 2005; Sánchez and González, 2005) . As a first approach, standard values can provide an estimate of the nutrient content of slurries, depending on the farm type and management, even though for the same farm type and management PS nutrient content can be highly variable. The best option to ascertain nutrient content of slurry is laboratory analysis. However, this option is not always practical because the nutrient content should be known at the time of spreading, and nutrient content can change during storage or as the slurry lagoon is emptied. Moreover, the cost of laboratory analysis is high.
Ammonium N (NH 4 + -N) is the main form of N in PS (around 70-75% of total N) (Irañeta et al., 1999; Christensen et al., 2009 ). When PS is applied to soil, NH 4 + -N quickly transforms to nitrate N, which is available to plants and susceptible to leaching.
Organic N (ON) is only a small portion of N in PS, in contrast to other slurries and manures, and must be mineralized (i.e., converted to mineral N) before plants can use it.
Accurate estimates of total N content of PS are important, but also nutrient management plans, used to reduce nonpoint-source pollution from animal operations, require the knowledge of N availability to adjust N applications to the current legislation, such as the 170 kg N ha (Piccinini and Bortone, 1991; Ferrer et al., 2000; Irañeta and Abaigar, 2002) , Agros (Bertrand and Smagghe, 1985; Piccinini and Bortone, 1991; Levasseur, 1998; Van Kessel and Reeves, 2000) , or reflectometry Reeves, 2000, Giroux et al., 2004) , directly determine NH 4 + -N concentrations. Indirect methods, such as densimetry (Tunney, 1979; Bertrand and Smagghe, 1985; Levasseur, 1998; Scotford et al., 1998; Van Kessel et al., 1999; Van Kessel and Reeves, 2000; Irañeta and Abaigar, 2002; Zhu et al., 2003) or conductimetry (Stevens et al., 1995; Levasseur, 1998; Scotford et al., 1998; Van Kessel and Reeves, 2000; Provolo and Martinez-Suller, 2007) 
MATERIALS AND METHODS

Description of the Methods
Quantofix-N Volumeter Method
The Quantofix method is a direct method for measuring NH 
Conductimetry method
Electrical conductivity (25°C) is an indirect measurement of the total ion concentration in a solution. In samples with pH close to neutrality, such as slurry, the (Stevens et al., 1995) ; therefore, the EC could be used as an indirect measurement of the concentration of NH 4 + in solution.
When solutions are very concentrated, the relationship between the EC and the concentration of ions in solution is not linear due to the electric and ionic interactions (i.e., ion pairing effects) between the charged ions (Sposito, 2008) . To work in the linear range of the relationship between EC and the concentration of ions, a 1:9 dilution (1 part slurry and 9 parts distilled water) (Yagüe and Quílez, 2009) 
Data Analysis
The statistical analysis was performed using the SAS statistical package ( commonly used statistic for assessing model accuracy (Tedeschi, 2006) . Root mean square error and MAE are among the best overall measures of method performance, although MAE is less sensitive to extreme values than RSME (Willmott, 1982) . The MEF index defined by Tedeschi (2006) is considered by Mayer and Butler (1993) to be the best overall measure of agreement between observed and simulated values.
The relative difference measures, such as RMSE/ L , are unstable when L or n becomes small; therefore, Willmott (1982) On fattening farms (>90% of total farms in Aragon), total nitrogen (TN), NH 4 + -N, and ON concentrations were higher than in maternity and closed cycle farms ( Table 2) We detected a significant and strong correlation (Table 3) between OM and DM (r = 0.99; p < 0.001). The TP concentration was highly correlated to DM (r = 0.95; p < 0.001) and OM (r = 0.94; p < 0.001) because it is associated mainly with the solid fraction of PS (Sánchez and González, 2005; Christensen et al., 2009) .
Ammonium N and TK concentrations were strongly correlated to EC because NH 4 + and K + are the main cations in the liquid phase of PS; this result is well known in the literature (Stevens et al., 1995) . (Fig. 4) . Furthermore, the errors for EC 1:9 were concentrated around 0, whereas errors for Quantofix are displaced to the left in relation to the bias of the method (Fig. 4) .
Average estimation errors (Fig. 4) The errors are considered reasonable to estimate target PS rates adjusted to crop N needs.
Comparison of Pen Meters versus Portable Electrical Conductivity Meters
The pen EC meter was able to estimate NH 4 + -N concentrations with the same reliability as the portable EC meter (Fig. 5) 
Use of Alternatives to Distilled Water for the Dilution
There was a significant linear relation between EC 1:9 and NH 4 + -N concentration for each of the four different types of dilution water analyzed (Table 5) . Moreover, for each type of water, the estimated value of the intercept (a; Table 5 ) did not differ significantly from the EC of that water (EC w ; Table 5 
CONCLUSIONS
Electrical conductivity (EC 1:9 ) measurement of PS, after dilution of 1 part pig slurry to 9 parts distilled water, has proved to be a simple, inexpensive, accurate, and robust method for measuring PS NH This methodology is considered a useful tool for adjusting slurry rates at the moment of spreading increasing slurry N use efficiency and diminishing the risk for nitrate leaching and greenhouse gases emission. Acceptance by pig farmers has been excellent, and Extension Services in collaboration with technicians from farmers' associations has started its implementation in the area. -------------kg m  3 ---------- 
